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Reconfigurable VLSIs such as Field' Programmable Gate Arrays (FPGAs) are widely used to 
implement special'purpose processors. Recon宣gurable VLSIs are cost'e島ctive for smalHot 
production because functions and interconnections of logic resources can be directly programmed 
by end users. Despite their design cost advantage, recon五gurable VLSIs impose large dynamic 
and standby power consumption overheads compared ωApplication'Specific Integrated Circuits 
(ASICs). These overheads limit applications ofreconfigurable VLSIs. 
In order to reduce the power consumption, some e伍cient low'power techniques such as the 
multi'voltage control and the power gating have been proposed for ASICs. However, these 
techniques cannot be implemented e伍ciently into the conventional reconfigurable VLSIs because 
of the inherent problems of the conventional reconfigurable VLSI structures. When the 
conventional low'power techniques are implemented to FPGAs, the controllers for low'power 
techniques 町e composed of recon五gurable resources, and are always running. Moreover, the 
conventional reconfigurable VLSIs use SRAM (Static Random Access Memory) as the 
configuration memoη; and then they cannot shut down the power supply to redu田 the static 
power. 
In this research, three low'power architectures for reconfigurable VLSIs are proposed. The 
proposed architectures are based on self-adaptive supply voltage control schemes which adapt to 
the changes of the environmental and the circuit state such as the changes of the temperature, 
supply voltage, operation load and conditional branching. The first proposed architecture is an 
FPGA architecture based on self'adaptive multi'voltage control for dynamic power reduction. The 
architecture explo咜s the features of asynchronous circuits to detect the each Logic Block (LB) 
whether is on the critical path in reaI-time. The critical path information is used to determine 
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that each LB is supplied with the high voltage or the low voltage. The second proposed 
architecture is an FPGA architecture based on self"adaptive power-gating for static power 
reduction. The architecture exploits the features of asynchronous circuits to detect the activity of 
each LB. The current activity information of the controlled object LB and its nearby LBs is 
exploited to predict the activity in the future , and then determine when to shut down and wake 
up the controlled object LB. The third propose architecture is a dynamically recon五gurable
architecture using ferroelectric non"volatile functional pass"gate for static power reduction. The 
proposed functional pass"ga飴 is used for Multi"Context switches (MC"switches). In the functional 
pass"ga旬， Ferroelectric"Capacitors (FCs) are used for non"volatility, and then the static power is 
greatly reduced because no permanent voltage supply is required あr holding the configuration 
data. In order to fully exploit the advantages of the FCs, the integration of storage and logic 
technique, the multiple"valued storage technique and the multiple"valued operation technique 
are introduced for small"area and low"power. 
第 2 章Architecture based on self"adaptive multi-voltage ∞ntrol for dynamic power 
reduction 
Blocks on the critical path are supplied with the highest voltage since the performance of the 
critical path determines the system performance. The rest blocks can be supplied with a lower 
voltage to reduce power consumption without system performance degradation. 
Fig. 1 shows the overall structure of the proposed FPGA. Similar to conventional synchronous 
FPGAs, the proposed FPGAconsists ofLBs, Connection Blocks (CBs) and Switch Blocks (SBs). 
In order to detect which input data arrives earlier at an LB, a method using asynchronous 
architecture is proposed. U sing the data arrival information, the critical path can be detected in 
real time. Fig. 2 demonstrates the principle of the data arrival detection using the four phase 
dual-rail encoding. As shown in Fig. 2, detecting which input data arrives earlier is just by 
comparing the phases of the input data. 
Fig. 3 shows the critical path detection using the data arrival information. Beginning with the 
last LB, the critical path is gradually found by tracing the LBs that send the data arriving later or 
at the same time as the other. Since the critical path is detected, LBs on the sub"critical path can 
be autonomously supplied with a lower voltage to reduce the power consumption without system 
performance degradation. 
Fig. 4 shows the structure of an LB. The LUT is based on dynamic circuit, so no level sh出er IS 
required for the input data. Hence, in the LB, only three level shi止ers are required for control 
signals. As a result, the power and area overheads ofthe power domain interface are small. 
The proposed FPGA is fabricated using the e"Shuttle 65nm CMOS pr∞ess as shown in Fig. 5. 
Fig. 6 shows the comparison result. The evaluation circuit is an 8"bit a町ay multiplier. In 句rpical
applications, the workloads are in the range of 20% to 40%. In this case, the proposed FPGA 
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第 3 章Architecturebased on self"adaptive powergating あr static power reduction 
As the transistor feature sizes and threshold voltages decrease, the static power due to leakage 
current becomes comparable to dynamic power. Power gating techniques are based on selectively 
setting the functional units inωa low leakage mode when they are inactive, and it emerges as the 
most effective design technique to achieve low static powe工
In order 加 detect whether an LUT is used or not, a method using asynchronous architecture is 
proposed. This activity information is used 加 determine when to shut down and wake up. In this 
research, LEDR (Level" Encoded Dual" Rail) encoding is used. As shown in Fig. 7, when a new data 
arrives at the LB, the phases of the input data and the output data are di島問nt. When the 
operation is complete, the phases of the input data and the output data a問 same . Base on this 
consideration, the activity of the LB is detected just by comparing the phases of the input data 
and the output data. 
An e伍cient control strategy ofthe autonomous fine"grain power gating is proposed, as shown in 
Fig. 8. The use of the standby state has 同ro major advantages. First, the LB is woken up before 







woken up when the data arrivals. Second, the LB is powered OFF only when the data does not 
come for q山旬 a while. As a result, the dynamic power can be saved since the number of the 
unnecessary switching ofthe sleep transistor is reduced. 
Fig. 9 shows the structure of an LB. Since the activity is detected just by comparing the phases 
of the input and output data, the area and power overheads of the sleep controller are small. 
Moreover, the LUT is designed to guaran胞e that there is no indefinite value ∞curs due to the 
power gating. 
The proposed FPGA is fabricated using the ASPlA 90・nm CMOS pr，∞ess as shown in Fig. 10. 
The proposed FPGA is compared to a synchronous FPGA. The FPGAs are evaluated using four 
benchmarks. Tables 1 summarizes the evaluation results, and demonstrates the low power 
consumption of the propo田dFPGA.
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Fig. 9. LB structure. Fig. 10. Chip micro.photograph. 
Table 1 Power reduction 
8S.C 10S.C 12S.C 
Template matching 38% 33% 30% 
Median 制ter 41% 36% 33% 
Elliptic filter 38% 32% 30% 
FFT 2S% 20% 17% 
第 4 章 Dynamically re∞nfigurable architecture using 島町oelectric non.volatile functional 
pass.ga旬 for static power reduction 
Dynamically recon五gurable architectures provide mo回 area.e血cient implementations than 
conventional FPGAs. One of typical dynamically reconfigurable architectures is multi.context 
architecture which achieves fast switching between contexts. 
The proposed MC.switch exploits the features of an MC.switch can be implemented by 
functional pass.ga旬s， and exploits that a functional pass.gate can be implemented e伍ciently by 





MC.switch and functional pass.gate, respectively. 1n order ωfully exploit the advantages of the 
FCs, the integration of storage and logic technique, the multiple.valued storage technique and the 
multiple.valued operation technique are introduced for smali.area and low.power as ゐllows. 1n
the proposed MC.switch, the gate voltage of the pass transistor is generated by capacitive 
coupling effect of the two FCs. Therefore, the gate voltage depends on the remnant.polarization 
direction of each FC and the magnitude voltage applied across the FCs. The two FCs 紅e usedω 
store a multiple.valued data and the magnitude voltage applied across the FCs is used as a 
multiple.valued input. As a result, The MC.switch can execute a threshold function between the 
multiple.value input and the stored multiple.value data. 
The 胞st chip is fabricated in a O.35um CMOS / O.60um ferroelectric.capacitor process, as shown 
in Fig. 13. Table I shows the evaluation result, and demonstrates non.volatility and the 
small.area ofthe proposed MC.switch. 
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Table n Evaluation result. 
'一ーーー-4.Bmm 一一一一一ー
SRAM.based Proposed 
Transistor count 37 22 
Capacitor ∞unt 。 4 
Area 1,6351Jm2 884lJm2 
leakage I Active 153pA 62pA 




Delay of∞ntex1 switching 427pS 1533pS 
Fig. 13. Chip micro'photograph (four contexts). 
第 5 章 Conclusion
1n this research, low'power reconfigurable VLS1 architectures based on self.adaptive supply 
voltage control are proposed. For the future works, the development of a 
synchronous/asynchronous hybrid architecture is important. This is because asynchronous and 
synchronous circuits are powere伍cient for low.workload and high.workload circuits, respectively. 
1n more advanced prl∞es田s， the scale of the VLS1 and the deviations of device characteristics will 
become larger. Moreover, the applications become more complex such as the increases of the 
interrupt 仕equency and the number of concurrent tasks. Therefore, the control of low.power 
techniques will become di血cult by applying off.line algorithms. As a result, it will be more 
important for low'power techniques to glean the circuit information (temperature, supply voltage, 
































以上要するに本論文は， リコンフィギャラブル VLSI の低消費電力化のために，自律的電
源制御に基づく革新的なアーキテクチャや強誘電体コンフィギュレーションメモリの構成法
を考案し，その有用性を明らかにしたもので，情報基礎科学の発展に寄与するところが少な
くない.
よって，本論文は博士(情報科学)の学位論文として合格と認める.
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